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BROADCAST/COMMUNICATION UNIFIED PASSIVE 
OPTICAL NETWORK SYSTEM 

CLAIM OF PRIORITY 

5 This application claims priority to an application entitled 

"BROACAST/COMMUNICATION UNIFIED PASSIVE OPTICAL NEWORK 
SYSTEM" filed in the Korean Intellectual Property Office on August 3, 2002 and assigned 
Serial No. 2002-45995, the contents of which are hereby incorporated by reference. 

1 0 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an optical communication system and in particular 
to a passive optical network system. 

15 

2. Description of the Related Art 

In order to construct a subscriber network from a central office to buildings and 
homes, various network constructions such as x-Digital Subscriber L ine (xDSL), Hybrid 
Fiber Coax (HFC), Fiber To The Building (FTTB), Fiber To The Curb (FTTC), Fiber To 
20 The Home (FTTH) and schemes for enhancing them have been proposed. 

Such FTTx (i.e., FTTB, FTTC and FTTH) can be implemented by active FTTx 
based on an Active Optical Network (AON) construction, or implemented by passive FTTx 
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based on a Passive Optical Network (PON) construction. Passive optical networks have 
been proposed as an economic scheme for implementing an optical subscriber network for 
the future, due to the fact that it comprises a point-to-multipoint topology based on passive 
units. 

5 The passive optical network is a subscriber network construction that connects one 

Optical Line Termination (OLT) to a plurality of Optical Network Units (ONU) by using a 
1 x N passive optical distributor, thereby forming a tree-structured distribution topology. 

Currently, internet services including digital broadcast services and 
communication services such as Video On Demand (VOD) services are independently 

10 provided. Systems for digital broadcast services are designed for use in a broadcast network 
such as a Hybrid Fiber Coax (HFC) broadcast network or a Direct Broadast Satellite (DBS) 
network. This separation of services is the result of the complicated and dedicated hardware 
apparatus that make up these respective systems. For example, a head-end and an optical 
line termination should be operated separately in order to provide broadcast and 

1 5 communication services, and sub-carrier analog transmission should be executed in order to 
transmit data to an optical network unit, in which case a complicated modulation mode is 
employed for increasing transmission efficiency. In addition, because in-house connecting 
networks are constructed using coaxial cable type, the transmission bandwidth is limited to 
about 9 00 M Hz. F urthermore, w ith r egard t o b roadcast n etworks, s ubscriber b andwidth 

20 utilization is unstructured and there are also associated limitations in transmission distance 
because a mode is employed in which all broadcast channels are transmitted to all of the 
subscribers. Although cable-modems are employed for use with the internet service 

2 



P10337/5000-1-350 

receiving classes, there is a problem in that it is impossible to provide efficient bandwidth 
for increasing subscribers due to the fact that limited services are provided to the 
subscribers. 

FIG. 1 shows a structure of a digital broadcast service system according to the prior 
5 art. A head-end 130 and an optical line termination 160 are shown . Digital broadcast 
signals are received at the head-end 1 30 from either a satellite antenna 1 10 or a Digital 
Media Center (DMC) 120. The digital broadcast signals may be in the form of an MPEG2 
multi-program transport stream, which consists of a plurality of individual MPEG2 
transport streams. The head-end 130 comprises a transport stream demultiplexer 140 and a 
1 0 plurality of local processors 1 50. 

The transport stream demultiplexer 140 demultiplexes the MPEG2 multi-program 
transport stream into a plurality of MPEG2 transport streams . 

The local processors 150 remultiplex the MPEG2 transport streams for the purpose 
of performing encoding processing, customer management processing or the like. 
15 The optical line termination 160 consists of a plurality of quadrature amplitude 

modulators (QAM) 170, a plurality of frequency converters 180, a signal combiner 190 and 
an electric/optical (E/O) converter 200. 

The quadrature amplitude modulators 170 change the phase and amplitude of 
carrier, thereby enabling high-speed digital transmission. The frequency converters 180 
20 convert the frequency of an inputted signal into an intermediate frequency (IF). The RF 
combiner 190 multiplexes and thus outputs a plurality of inputted signals as one broadcast 
signal. The E/O converter 200 E/O converts and transmits the broadcast signals through an 
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optical fiber. It is possible to employ a laser diode as the E/O converter 200, which outputs 
light having a predetermined wavelength. 

The broadcast signals, which have been subjected to the E/O conversion, are 
provided to a plurality of optical network units (not shown) connected to the optical line 
5 termination 160 through the optical fiber 210. 

FIG. 2 shows frequency band allocation of an HFC network of the prior art. As 
shown in the drawing, it will be appreciated that the transmission band width is limited to 
825 M Hz; b ecause t he frequency b andwidth for V OD, b roadcast s ervice, e tc. i s n arrow, 
because there is difficulty in providing real VOD services, high-speed internet services or 
10 the like. 

As can be seen, the following problems exist in providing communication services 
such as digital broadcast services, VOD services, internet services or the like in accordance 
with the prior art network. 

i) Because digital broadcast services and communication services are individually 
1 5 and separately provided, use and management of resources are inefficient. 

ii) The digital broadcast is adapted to an HFC network. Therefore, it is necessary 
to employ a complicated modulation mode such as 64-QAM and 256-QAMin order to 
enhance the transmission efficiency of the broadcast signals, which are sent from a satellite 
or a digital media center. 

20 iii) The h ead-end and t he o ptical 1 ine t ermination s hould b e s eparately operated, 

and the sub-carrier analog optical transmission should be performed in o rder to transmit 
data to an optical network unit. However, because in-house connection networks are in the 
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form of coaxial cable, there is a problem in that the transmission bandwidth is not more 
than about 900 MHz. 

iv) Although there is a cable-modem type in communication service receiving 
classes, no efficient bandwidth can be provided for increasing subscribers because limited 
5 services are allocated to subscribers. 
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SUMMARY OF THE INVENTION 

The present invention is directed to a passive optical network capable of unifying 
digital broadcast and internet activities. 
5 According to one aspect, the broadcast/communication unified passive optical 

network of the invention comprises: an optical line termination (OLT) which time-division 
multiplexes received digital broadcast signals, receives communication signals through the 
internet, and wavelength-division multiplexes and transmits the received digital broadcast 
and communication signals ;a plurality of optical network units (ONUs) which are 

10 connected to the OLT in a multi -to-one connection, each ONU receiving the broadcast 
signals and communication signals from the OLT , time-division demultiplexing the 
received broadcast signals, and transmitting one or more of the time-division demultiplexed 
broadcast signals selected from among the received broadcast signals in accordance with a 
subscriber control signal and the communicating signals; and, a plurality of setup boxes, the 

1 5 setup boxes connected to the ONUs in a multi-to-one connection arrangement each setup 
box receiving the time-division demultiplexed broadcast signals and communication signals 
from an associated optical network unit (ONU). The setup boxes further sending a 
subscriber control signal, inputted by a subscriber, to the associated ONU. 

20 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above features and advantages of the present invention will be more apparent 
from the following detailed description taken in conjunction with the accompanying 
5 drawings, in which: 

FIG 1 shows a construction of a conventional digital broadcast system in 
accordance with the prior art; 

FIG. 2 shows a frequency bandwidth allocation of a conventional HFC network in 
accordance with the prior art; 
10 FIG 3 shows a broadcast/communication unified passive optical network system 

in accordance with a preferred embodiment of the present invention; 

FIG 4 shows a construction of the optical line termination shown in FIG 3; 
FIG 5 shows a construction of the optical network unit shown in FIG 3; 
FIG 6 shows a construction of the subscriber side setup box shown in FIG 3; and, 
15 FIG 7 shows a frequency bandwidth allocation of the broadcast/ communication 

unified passive optical network in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present invention will be described in 
detail with reference to the accompanying drawings. It shall be noted that in the drawings, 
5 identical components are indicated by identical referential numerals and symbols. For the 
purposes of clarity and simplicity, a detailed description of known functions and 
configurations incorporated herein will be omitted as it may make the subject matter of the 
present invention unclear. 

FIG. 3 shows a block diagram of a broadcast/communication unified passive 
10 optical network in accordance with a preferred embodiment of the present invention. 

An optical line termination ("OLT") device 400 communicates with a plurality of 
optical network units ("ONU") 500 via an optical fiber480. The ONUs in turn communicate 
with a plurality of setup boxes 600. 

The OLT 400 is connected to the Internet 340,a VOD server 330 to receive 
15 communication signals. The OLT 400 also receives digital broadcast signals from a 
satellite a ntenna 3 1 0 a nd a d igital m edia c enter ( DMC) 3 20. I n t he p resently d escribed 
embodiment, the digital signals are an MPEG2 multi-program transport stream. 

Each of the plurality of ONUs 500 receives broadcast signals and communication 
signals from the OLT 400 and in turn re-transmits the broadcast and communication signals 
20 downstream to the setup boxes 600. 

Additionally, the ONUs 500 receive communication signals from the setup boxes 
600 and transmits the communication signals upstream to the OLT 400. Further, each set-up 
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box 600 transmits a subscriber control signal provided by a subscriber to a corresponding 
ONU 500. 

FIG. 4 shows an optical network unit (ONU) 400 in accordance with one 
embodiment of the present invention. The OLT 400 comprises first and second local 
5 processors 410, first and second format converter 420, a time-division multiplexer 430, a 
buffer 440, a distributor 450, first and second E/O converters 462 and 464, a wavelength- 
division multiplexer 470, and an O/E converter 490. 

The first local processor 410 re-multiplexes an MPEG2 multi-program transport 
stream provided from the satellite antenna 310 for the purpose of performing encoding 

10 processing, subscriber management processing or the like. The second local processor 410 
re-multiplexes an MPEG2 multi-program transport stream provided from the digital media 
center 320 for the purpose of performing encoding processing, subscriber management 
processing or the like. Generally, remultiplexing involves receiving one or more 
multiplexed or individual bitstreams as an input, extracting identified sub-components (e.g., 

15 stream of packets) from each input, and combining the extracted sub-components with 
other available bitstreams into a new output multiplexed bitstream (i.e., the remultiplexed 
data stream). 

The first format converter 420 converts the remultiplexed digital broadcast signals 
provided from the first local processor 410, from a moving image format into a time 
20 division multiplexing (TDM) format, in accordance with the synchronous digital 
hierarchy/synchronous optical network (SDH/SONET) standard. The second format 
converter 420 converts the remultiplexed digital broadcast signals provided from the 
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second local processor 410, from a moving image format into a time division multiplexing 
(TDM) format, in accordance with the synchronous digital hierarchy/synchronous optical 
network (SDH/SONET) standard. As is well known in the art, SDH/SONET is a standard 
for synchronous data transmission over an optical media. 
5 The time-division multiplexer 430 time-division multiplexes and outputs the 

format-converted signals output from the first and second format converters 420. 

The buffer 440 stores the signals inputted from the VOD server 330. 

The distributor 450 sends communication signals received from the internet 340 
and the VOD server 330 downstream (towards the setup boxes 600) and sends signals 
10 received from the optical network units (ONUs) 550 upstream to the Internet. The 
distributor 450 may be embodied as an ethemet switch or as an ethemet router 

The first E/O converter 462 E/O converts and outputs the broadcast signals 
inputted from the time-division multiplexer 430 and the second E/O converter 464 E/O 
converts and outputs the communication signals inputted from the distributor 450. 
15 The wavelength-division multiplexer 470 transmits the broadcast signals (via E/O 

converter 462) and communication signals (via E/O converter 464) through an optical fiber 
480 to the plurality of ONUs 500. In addition, the wavelength-division multiplexer 470 
outputs the communication signals received from the optical fiber 480 to the distributor 450 
via O/E converter 490. 

20 FIG 5 shows an optical network unit (ONU) 500 in accordance with one 

embodiment of the invention. The ONU 500 comprises a wavelength-division multiplexer 
510, a time-divisional multiplexer 530, a plurality o f format converters 540, a controller 
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550, a distributor 590, first and second frequency converters 562 and 564, a signal 
combiner 5 70, first t o t hird O/Ec onverters 5 22, 5 24 a nd 5 26, a nd f irst a nd s econd E 10 
converters 582 and 584. 

The wavelength-division multiplexer 510 demultiplexes the optical signals 
5 inputted through the optical fiber 480 . 

The first O/E converter 522 O/E converts and outputs the broadcast signals from 
among the demultiplexed optical signals outputted from the wavelength-division 
multiplexer 510, the second O/E converter 524 O/E converts and outputs the 
communication s ignals from a mong t he d emultiplexed o ptical s ignals p rovided f rom t he 
1 0 wavelength-division m ultiplexer 5 1 0, a nd t he t hird O IE c onverter 5 26 O IE c onverts and 
outputs the communication signals inputted through the optical fiber 480. 

The time-division multiplexer 530 time-division multiplexes and outputs the 
broadcast signals received from the first O/E converter 522. 

The plurality of format converters 540 format-converts the broadcast signals from 
15 a TDM format into an MPEG2 multi-program transport stream (i.e., a moving image 
format) and outputs the format-converted broadcast signals. 

The controller 550 is configured to select a single broadcast channel from among a 
plurality of broadcast channels provided from the respective plurality of format converters 
540 in accordance with an subscriber control signal. That is, the controller outputs only the 
20 MPEG2 multi-program transport stream selected by the subscriber from among a plurality 
of MPEG2 multi-program transport streams. A Broadcast Selection Card (BSC) may be 
used as the controller 530. 
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The first frequency converter 562 upconverts the signal received from the 
controller 550 into a first (IF) intermediate frequency signal. 

The distributor 590 is bi-directional and outputs the communication signals 
provided from the second O/E converter 524 to the second frequency converter 564. The 
5 distributor 590 also outputs the communication signals inputted from the third O/E 
converter 526 to the second E/O converter 584 if the communication signals are not 
subscriber control signals and outputs the communication signals provided from the third 
O/E converter 526 to the controller if the communication signals are subscriber control 
signals. 

10 The second frequency converter 564 upconverts signals received from the 

distributor 590 into a second (IF) intermediate frequency signal. 

The signal combiner 570 combines the first and second IF signals input 
respectively from the first and second frequency converters 562 and 564. 

The first E/O converter 582 E/O converts and transmits the signals inputted from 
1 5 the signal combiner 570 through the optical fiber 48 1 . 

FIG 6 shows a block diagram of a setup box 600 according to one embodiment of 
the present invention. The setup boxes 600 each comprise an O/E converter 610, an E/O 
converter 650, a signal separator 620, first and second frequency converters 632 and 634, 
and a hub 640. The setup boxes 600 are connected to a computer 730, a VOD player 720, 
20 and a high definition television (HDTV) 710, all of which are subscriber side terminals. 

The O/E converter 610 O/E converts and outputs the signals inputted through the 
optical fiber 480. 
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The signal separator 620 outputs the signals inputted from the O/E converter 610 
after separating the signals into broadcast signals and communication signals . 

The first and second converters 632 and 634 downconverts the respective 
broadcast signals and communication signals from the IF band back to baseband signals. 
5 The recovered baseband broadcast signals are then inputted to the HDTV 710. 

The hub 640 outputs the communication signals provided from the VOD player 
720, the computer 730 and the HDTV 710 to the E/O converter 650, and outputs the 
communication signals provided from the second frequency converter 634 to the VOD 
player 720 or the computer 730. In the presently described embodiment, the HDTV 710 
1 0 outputs a subscriber control signal for changing broadcast channels. 

The E/O converter 650 transmits the inputted communication signals through the 
optical fiber 481 after E/O converting them. 

FIG 7 s hows a frequency b andwidth a llocation o f t he b roadcast/communication 
unified passive optical network in accordance with the present invention. It will be 
15 appreciated that the transmission bandwidth is extended up to 2000 MHz as compared to 
the prior art and a frequency bandwidth sufficient for a communication service or a digital 
broadcast service can be provided. 

As can be seen, the broadcast/communication unified passive optical network 
system in accordance with the present invention has the following advantages: 
20 i) It is possible to provide efficient services because a broadcast system and a 

communication system are unified. 

ii) The broadcast signals are converted to have a format in accordance with 
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SDH/SONET. Therefore, it is not required for the broadcast signals to be subjected to a 
complicated modulation process and the signals can flow through conventional 
SDH/SONET networks. 

iii) It i s b andwidth e fficient b ecause a s ubscriber m ay se lect a d esired b roadcast 
5 channel using a controller. 

iv) Since a wavelength-division multiplexing mode is adopted, the limitation in 
bandwidth characteristic of the HFC network is relaxed. Therefore, it is possible to provide 
a high-speed service and adding optical channels can easily extend the bandwidth. 

While the invention has been shown and described with reference to certain 
10 preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and 
scope of the invention as defined by the appended claims. 
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